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Background: Hepatitis B remains tine most common transfusion-transmitted viral infection. 
We explored tine current status of pre-transfusion screening and post-transfusion follow- 
up testing for liepatitis B virus (HBV) surface antigen (HBsAg) and antibodies (anti-HBs) 
in blood recipients from an area of liigh HBV endemicity. 

Methods: A total of 7,780 blood recipients were transfused witli at least 1 unit of blood 
component at a single university liospital in Korea between January 2006 and December 
2009. Tlieir medical records were reviewed, and their demographic and transfusion-related 
data were analyzed. 

Results: Pre-transfusion HBsAg and anti-HBs levels were tested in 77.6% (6,037/7,780) of 
the recipients. The results varied widely according to recipient age. In all, 32.8% (1,982/ 
6,037) of the recipients who were tested had dual negative pre-transfusion results for HB- 
sAg and anti-HBs and, therefore, were at increased risk of HBV transmission. Post-trans- 
fusion follow-up testing for HBsAg and/or anti-HBs was performed in 22% (436/1,982) of 
the increased-risk group. 

Conclusions: Our data show that current transfusion-related laboratory testing practice is 
not sufficient to properly investigate possible post-transfusion infections. Routine laboratory 
tests, including HBsAg and anti-HBs, should be recommended in transfusion guidelines. 
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INTRODUCTION 

Transfusion-related safety cannot be overemphasized. To ensure 
that the blood is safe, a combination of careful donor selection 
and sensitive screening tests is used. These multiple protective 
layers have steadily reduced the risk of transfusion-transmitted 
infections caused by hepatitis B virus (HBV), hepatitis C virus 
(HCV), and HIV. HBV, however, remains the most frequent cause 
of transfusion-transmitted viral infection [1]. 



The hsk of HBV transmission depends on the HBV screening 
strategy used; the selection of low-risk blood donors is the first 
and most important step [2-4]. The HBV surface antigen (HB- 
sAg) test is the first-line screening test, which, at present, has 
not been replaced by the HBV nucleic acid test (NAT) in gen- 
eral practice [5, 6]. Korea is a highly endemic area with an HB- 
sAg-positive rate of 4% in the general adult population [7]. Ac- 
cording to recent data from 12,461 Korean blood donors, at least 
0.016% of released units were viremic but otherwise transfus- 
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able [8]. HBV NAT has not yet been implemented in Korea, and 
the hsl< of transfusion-transmitted HBV remains high. 

In addition to the residual donor-related risk, the immune sta- 
tus of the recipient is another critical factor affecting transfusion 
transmission of HBV [9]. Recent data suggest that the neutraliz- 
ing capacity of low anti-HBs may be insufficient and can be over- 
come by exposure to a high viral load. Immunodeficient elderly 
patients and patients receiving immunosuppressive treatments 
may be susceptible to infection with a lower viral dose, even in 
the presence of anti-HBs [10]. 

Post-transfusion hepatitis B is not necessarily transfusion- 
transmitted, and caution should be exercised when concluding 
that a case of the disease is causally related to transfusion. One 
critical assessment is pre- and post-transfusion testing of recipi- 
ents [11, 12], but this is more problematic in areas of high HBV 
endemicity [13]. In this study, we explored the current status of 
pre- and post-transfusion testing for HBsAg and anti-HBs in 
blood recipients from Korea, an area of high HBV endemicity. 

METHODS 

During the study period, from January 2006 to December 2009, 
a total of 7,780 blood recipients were transfused with at least 1 
unit of blood component at a single university hospital in Seoul, 
Korea. The study population comprised 3,726 males and 4,054 
females, and the median age was 59 yr (range, 0-101 yr). They 
were divided into 9 age cohorts according to year of birth. The 
youngest group consisted of recipients who were born between 
2000 and 2009, and the oldest group consisted of recipients who 
were born before 1929. 

Using the hospital information system, the demographic and 
HBV-related laboratory data (HBsAg and anti-HBs levels) of the 
recipients were retrospectively analyzed. Because there was no 
clear definition of pre- and post-transfusion laboratory tests in 
terms of the time period before/after transfusion, pre- and post- 
transfusion HBsAg and anti-HBs data were extracted for all pa- 
tients from the period between July 2005 and June 2010. To be 
included in the analysis, the pre-transfusion HBsAg and anti- 
HBs tests must have been performed simultaneously. This uni- 
versity hospital is a tertiary care center, and, as of December 
2009, had approximately 900 beds and more than 200 medical 
specialists. The annual blood usage was as follows: 16,170 units 
in 2006, 34,347 units in 2007, 59,420 units in 2008, and 48,147 
units in 2009. 

The ADVIA Centaur system (Siemens Healthcare Diagnostics 
Inc., Deerfield, IL, USA) was used for the laboratory measure- 



ment of HBsAg and anti-HBs levels by chemiluminescent im- 
munoassay The assay was performed according to the manu- 
facturer's instructions. HBsAg results were interpreted as fol- 
lows: non-reactive (negative), if the index value was less than 

I. 0; or reactive (positive), if the index value was greater than or 
equal to 1.0. For samples with an index value of greater than or 
equal to 1.0 but less than or equal to 50, repeat testing was per- 
formed in duplicate. After repeat testing, if 2 of the 3 results were 
nonreactive, the sample was considered negative for HBsAg; if 
at least 2 of the 3 results were reactive, the sample was consid- 
ered repeat reactive for HBsAg. Anti-HBs results were interpreted 
according to the following criteria: non-reactive (negative), if the 
result was lower than 7.5 mlU/mL; equivocal, if the result was 
between 7.5 and 12.5 mlU/mL; or reactive (positive), if the result 
was higher than 12.5 mlU/mL. 

For statistical analysis, MedCalc software (MedCalc version 

II. 2.1, IVIariakerl<e, Belgium) was used. The chi-square test was 
used to compare proportions. P values of less than or equal to 

0. 05 were considered statistically significant. 

RESULTS 

1. The distribution of pre-transfusion HBsAg and anti-HBs 
tests 

During the 4-yr study period, pre-transfusion HBsAg and anti- 
HBs tests were performed on 77.6% (6,037/7,780) of the blood 
recipients (Table 1). Among the 9 birth cohorts, the rates of pre- 
transfusion HBsAg and anti-HBs testing varied widely, and 
ranged from 12.6% to 85.1%. In particular, the rate of testing in 
the youngest group (2000-2009 birth cohort) was significantly 
lower than the average rate in the other groups (12.6% vs. 76.3%; 
P<0.0001), showing a difference of 63.7% (95% confidence in- 
terval [CI], 59.4-67.3%). The overall rates of pre-transfusion HB- 
sAg and anti-HBs testing tended to increase over the 4-yr pe- 
nod, from 70.1% in 2006 to 80.3% in 2009. The birth cohort 
from 1980-1989 showed the biggest difference (22.2% increase), 
followed by the 1970-1979 cohort (17.1% increase) and the 
2000- 2009 cohort (15.1% increase) (Table 1). 

2. Results of pre-transfusion HBsAg/anti-HBs tests 

The results of pre-transfusion HBsAg/anti-HBs tests in 6,037 
blood recipients were as follows: negative/negative in 32.8%, 
negative/positive in 60.6%, positive/negative in 5.9%, and posi- 
tive/positive in 0.7% (Table 2). The overall positive rates of HB- 
sAg and anti-HBs tests were 6.6% (398/6,037) and 61.2% (3,697/ 
6,037), respectively. When the HBsAg-positive rates of each 
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Table 1. Distribution of pre-transfusion HBsAg and anti-HBs testing in blood recipients according to birtli cohort 



Pre-transfusion HBsAg and anti-HBs tests 





ZUUd 






onnQ 


luiai 


Before 1929 


178/219 (81.3%) 


179/211 (84.8%) 


182/235 (77.5%) 


131/168 (78.0%) 


670/833 (80.4%) 




HQ CO/ \ 
i.ill6\JL (/o.3/o) 


6i.ol6azt (o3.£/o) 




070//i/n /o/i oo/ \ 
il ai\i\l. (o4.<^/o) 


1 oc/i/i cm /ot 1 o/ \ 
l,oo4/i,bU£ (03. 1 /o) 


1940-1949 


196/262 (74.8%) 


289/331 (87.1%) 


384/461 (83.3%) 


419/493 (85.0%) 


1,288/1,547 (83.3%) 


1950-1959 


186/251 (74.1%) 


226/275 (82.2%) 


332/394 (84.3%) 


322/383 (84.1%) 


1,066/1,303 (81.8%) 


1960-1969 


145/199 (72.9%) 


135/194 (69.6%) 


245/308 (79.6%) 


267/325 (82.2%) 


792/1,026 (77.2%) 


1970-1979 


82/135 (60.7%) 


99/150 (66.0%) 


179/224 (79.9%) 


161/207 (77.8%) 


521/716 (72.8%) 


1980-1989 


35/64 (54.7%) 


57/93 (61.3%) 


72/97 (74.2%) 


80/104 (76.9%) 


244/358 (68.2%) 


1990-1999 


9/17 (52.9%) 


7/15 (46.7%) 


17/22 (77.3%) 


20/32 (62.5%) 


53/86 (61.6%) 


2000-2009 


4/81 (4.9%) 


7/85 (8.2%) 


14/73 (19.2%) 


14/70 (20.0%) 


39/309 (12.6%)* 


Total 


1,072/1,530 (70.1%) 


1,327/1,739 (76.3%) 


1,852/2,287 (81.0%) 


1,786/2,224 (80.3%) 


6,037/7,780 (77.6%) 



Data represents the number of tests performed/the number of blood recipients. 

*The rate in the youngest birth cohort (2000-2009) was significantly lower than the average rate of the other groups (12.6% vs. 76.3%; P<0.0001), show- 
ing a difference of 63.7% (95% confidence interval [CI], 59.4-67.3%). 



Table 2. Results of pre-transfusion HBsAg and anti-HBs tests in blood recipients according to birth cohort 



Results of HBsAg/anti-HBs tests HBsAg Anti-HBs 



Birth cohort 


N 


Negative/Negative 


Negative/Positive 


Positive/Negative 


Positive/Positive 


positive rate* 


positive rate 


Before 1929 


670 


259 (38.7%) 


392 (58.5%) 


16 (2.4%) 


3 (0.4%) 


19/670 (2.8%) 


395/670 (59.0%) 


1930-1939 


1,364 


506 (37.1%) 


820 (60.1%) 


36 (2.6%) 


2 (0.1%) 


38/1,364 (2.8%) 


822/1,364 (60.3%) 


1940-1949 


1,288 


407 (31.6%) 


787 (61.1%) 


85 (6.6%) 


9 (0.7%) 


94/1,288 (7.3%) 


796/1,288 (61.8%) 


1950-1959 


1,066 


307 (28.8%) 


633 (59.4%) 


111(10.4%) 


15 (1.4%) 


126/1,066 (11.8%) 


648/1,066 (60.8%) 


1960-1969 


792 


236 (29.8%) 


480 (60.6%) 


71 (9.0%) 


5 (0.6%) 


76/792 (9.6%) 


485/792 (61.2%) 


1970-1979 


521 


159 (30.5%) 


336 (64.5%) 


25 (4.8%) 


1 (0.2%) 


26/521 (5.0%) 


337/521 (64.7%) 


1980-1989 


244 


71 (29.1%) 


156 (63.9%) 


13 (5.3%) 


4 (1.6%) 


17/244 (7.0%) 


160/244 (65.6%) 


1990-1999 


53 


29 (54.7%) 


23 (43.4%) 


1 (1.9%) 


0 (0.0%) 


1/53 (1.9%) 


23/53 (43.4%) 


2000-2009 


39 


8 (20.5%) 


30 (76.9%) 


0 (0.0%) 


1 (2.6%) 


1/39 (2.6%) 


31/39 (79.5%) 


Total 


6,037 


1,982 (32.8%) 


3,657 (60.6%) 


358 (5.9%) 


40 (0.7%) 


398/6,037 (6.6%) 


3,697/6,037 (61.2%) 



*The HBsAg positive rate was significantly lower in the 2 birth cohorts at both age extremes (before 1929, 1930-1939, 1990-1999, and 2000-2009) than in 
the other 5 groups (1940-1989) (average 2.5% vs. 8.1%; P<0.0001), showing a difference of 5.6% (95% CI, 4.47%-6.69%). 



birth cohort were compared, they were significantly lower in the 
2 groups at both extremes of the age cohorts (before 1929, 1930- 
1939, 1990-1999, and 2000-2009) than in the other 5 groups 
(1940-1989) (average 2.5% vs. 8.1%; P<0.0001), showing a dif- 
ference of 5.6% (95% CI, 4.47-6.69%). The highest anti-HBs- 
positive rate (79.5%) was observed in the birth cohort from 2000- 
2009, and the lowest (43.4%) in the 1990-1999 cohort. In the 
other groups, the rate of anti-HBs positivity was approximately 
60% (range, 59.0-65.6%). Overall, 32.8% (1,982/6,037) of the 
recipients showed dual negative results in the HBsAg and anti- 
HBs tests, and were therefore regarded as being at risk of trans- 
fusion-transmitted HBV. 



3. Post-transfusion follow-up in the risk group 

Post-transfusion follow-up HBsAg and/or anti-HBs testing was 
performed in only 22.0% (436/1,982) of the recipients, who were 
at increased hsk of transfusion-transmitted HBV (Table 3). Nei- 
ther HBsAg nor anti-HBs levels were tested in the remaining 
1,546 recipients. In the 436 recipients with available results, 335 
recipients (76.8%) showed HBsAg-negative/anti-HBs-negative 
status. HBsAg and anti-HBs results were positive in 4 (0.9%) 
and 90 (20.6%) recipients, respectively. 

Details of the 4 recipients with HBsAg positive results are 
summarized in Table 4. These recipients, with the exception of 
a 66-yr-old male, showed weakly positive HBsAg results. The re- 
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cent post-transfusion laboratory data showed normal liver en- 
zyme levels in 2 recipients, and the absence of HBsAg and anti- 
HBs in 2 recipients. HBV DNA data was not available for any of 
the recipients. The HBsAg results of the donors of all 64 trans- 
fused blood units were negative at the time of transfusion. Fol- 
low-up HBsAg results were available from repeat donations in 
49 out of the 64 donors, and were all negative. 



Table 3. Post-transfusion follow-up in 1,982 recipients with negative 
results in pre-transfusion HBsAg/anti-HBs tests 







Anti-HBs 




HBsAg 


Negative 
(N = 340) 


Positive 
(N = 90) 


Not tested 
(N = 1,552) 


Negative (N=431) 


335 (16.9%) 


90 (4.5%) 


6 (0.3%) 


Positive (N= 4) 


4 (0.2%) 


0 


0 


Not tested (N = 1,547) 


1 (0.1%) 


0 


1,546 (78.0%) 



DISCUSSION 

A systematic approach is required to investigate suspected 
transfusion-transmitted HBV infections, because post-transfu- 
sion hepatitis B is not necessarily transfusion-transmitted. To 
clarify the causal relationship, other iatrogenic sources of infec- 
tion should be ruled out, adequate donor follow-up and labora- 
tory testing should be performed, and more importantly, pre- 
and post-transfusion laboratory data should be available from 
the recipients [1]. 

Previous studies have described how the lack of pre-transfu- 
sion testing of recipients makes it difficult to establish whether 
the investigated recipient was infected before or after transfusion 
[11, 12, 14]. Moreover, immunocompromised recipients could 
be susceptible to a lower viral dose of HBV even in the presence 
of anti-HBs and, therefore, may be at higher hsk of developing 
chronic infection or reactivation than immunocompetent recipi- 
ents [15, 16]. Fluctuation of HBV marker levels over time also 



Table 4. Recipients with positive HBsAg results after transfusion 



Age/ 
sex 



Clinical 
diagnosis 



Transfused component (date) 



Pre-transfusion Post-transfusion 
HBsAg/anti-HBs HBsAg/anti-HBs 



AST/ALT change (date) 



Recent laboratoiy 
data (date) 



34/M Avascular 
necrosis of 
femoral head 

66/M Hodgkin 
lymphoma 



tD/RT RBC 4 units (2008/05/28) 
LD/RT RBC 1 unit (2008/09/18) 



LD/RT RBC 16 units (2007/11/06-22) 
tD/RT RBC 6 units (2007/12/07-22) 
LD/RT RBC 3 units (2008/01/18, 22) 
LD/RT RBC 2 units (2008/02/05) 
LD/RT RBC 2 units (2008/03/05) 
LD/RT RBC 2 units (2008/04/20) 
LD/RT RBC 4 units (2008/6/1, 2) 
FFP 3 units (2008/06/02) 
67/F Grave's disease RBC 3 units (2008/08/01) 
(diffuse goiter) 



Negative (0.53)/ 
negative (2.03) 
(2008/05/02) 
Negative (0.40)/ 
negative (2.31) 
(2007/10/30) 



4 64/F Ventricular FFP 6 units (2008/07/29, 30) 
septal defect RBC 4 units (2008/07/31) 
PC 8 units (2008/08/01) 



Negative (0.10)/ 
negative (3.85) 
(2008/07/25) 



Negative (0.10)/ 
negative (2.00) 
(2008/07/24) 



Positive (2.41)/ 20/18 (2008/5/27)-50/41 

negative ( < 2.00) (5/28)-104/62 (5/29)-50/51 

(2008/09/05) (6/2)-18/18 (7/4) 

Positive (> 1,000)/ 13/8 (2007/1 1/5)-25/18 



negative (2.00 
(2008/05/31) 



(2008/05/31)-125/80 
(6/2)-61/68 (6/3)-33/57 
(6/4)-18/30 (6/6)-19/17 (6/9) 



AST/ALT 34/32 
(2011/05/24) 

AST/ALT 19/10 
(2011/04/15) 



Positive (1.56)/ 
negative (3.65) 
(2009/06/09) 



Positive (1.86)/ 
negative (3.10) 
(2008/11/03) 



17/9 (2008/08/01)-5/15 
(8/4), 26/25 (2009/06/08)- 
20/25 (6/10) 



27/20 (2008/07/23)-l 10/18 
(7/29)-l 10/22 (7/30)-54/19 
(7/31)-45/21 (8/l)-25/19 
(8/3)-46/42 (2008/11/03)- 
29/27 (11/27) 



HBsAg/anti-HBs: 
negative (0.10)/negative 
(3.13) (2009/12/14), 
AST/ALT 15/19 
(2011/05/04) 
HBsAg/anti-HBs: 
negative (0.10)/negative 
(<2.00) (2011/01/07), 
AST/ALT 40/26 
(2011/06/10) 



Abbreviations: M, male; F, femaie; LD/RT RBC, ieukocyte-depleted, irradiated RBC; FFP, fresh frozen plasma; PC, platelet concentrate; AST, aspartate ami- 
notransferase; ALT, alanine aminotransferase. HBsAg results are presented as index values. The units of anti-HBs and AST/ALT are mlU/mL and U/L, re- 
spectively. 
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makes post-transfusion follow-up of recipients necessary [5, 17]. 
Altogetlier, witliout pre- and post-transfusion test results from 
tlie recipient, a tliorough investigation into suspected transfu- 
sion-transmitted HBV is impossible. TInis issue is more problem- 
atic in higlily endemic areas lil<e Korea [7, 8]. 

In tliis study, we investigated tlie current status of pre-trans- 
fusion screening and post-transfusion follow-up testing for HB- 
sAg and anti-HBs in blood recipients wlio were transfused at a 
university hospital in a highly HBV endemic area. According to 
our data, pre-transfusion HBsAg and anti-HBs levels were tested 
in only 77.6% of the recipients (6,037/7,780), and the rates of 
testing varied widely according to the age of recipients. It is 
noteworthy that the test rate was remarkably low in the young 
recipients and tended to increase with increasing age (Table 1). 
The fact that the lowest rate of testing (12.6%) was in the young- 
est group might reflect the belief of clinicians that HBV vaccina- 
tion, which is obligatory in this age group, would be protective 
against possible HBV infections. However, the pre-transfusion 
test rates tended to increase during the 4-yr study period, and 
this finding was more noticeable in the younger age groups. We 
assume that the clinicians' attitudes toward the screening of in- 
fectious markers have changed in favor of screening. 

Our data showed that the positive rate of pre-transfusion anti- 
HBs was approximately 80% in the young recipients (Table 2). 
Another noticeable finding was that the lowest anti-HBs positive 
rate (43.4%) was seen in the birth cohort of 1990-1999 (mainly 
teenagers), demonstrating the necessity of booster vaccination. 
This indicates that more attention should be paid to the com- 
pleteness of pre-transfusion testing of recipients. 

Post-transfusion follow-up of recipients is another important 
issue. The recipients with dual negative results for HBsAg and 
anti-HBs in pre-transfusion tests could be regarded as a poten- 
tial risk group for HBV transmission. These recipients accounted 
for approximately one-third of the recipients with available re- 
sults (32.8%, 1,982/6,037). Post-transfusion follow-up testing of 
HBsAg and/or anti-HBs was performed in only 22% (436/1,982) 
of this risk group (Table 3). Among these 436 recipients, 21.5% 
(94/436) showed changes in HBsAg or anti-HBs status. It is un- 
certain whether these changes were related to transfusion, be- 
cause thorough investigations into the possible transfusion 
transmission of HBV were not performed. For the positive con- 
version of anti-HBs, the possibilities of HBV vaccination or a 
transient positive result due to the transfused blood should also 
be considered. Moreover, 78% of the blood recipients were man- 
aged without any post-transfusion follow-up. This implies that 
the concept of transfusion-related safety did not take root in the 



clinical practice as firmly as in the blood collection and supply 
facilities. In our series, we found 4 cases with suspected trans- 
fusion-transmitted HBV infections. However, there were no clini- 
cal or laboratory data that could confirm the source of infection 
(Table 4). 

In summary, we have explored the current status of pre-trans- 
fusion screening and post-transfusion follow-up HBV tests in 
blood recipients. This study has several limitations. First, the 
data was obtained from 1 university hospital and may not be 
representative of the general clinical situation in Korea. Second, 
because there was no established definition, we arbitrarily des- 
ignated the period for the pre- and post-transfusion laboratory 
tests, which extended 6 months before and after the period in 
which the transfusions were given. Third, the causal relationship 
between transfusion and changes in HBV laboratory test results 
was not thoroughly investigated. Nevertheless, our study pro- 
vides basic data on the current status of HBsAg and anti-HBs 
testing before and after transfusion in blood recipients. Our data 
supports the assertion that the current transfusion-related labo- 
ratory work-up is not sufficient to properly investigate possible 
post-transfusion infections. Specifically, HBV vaccination should 
be performed for candidates of blood transfusion who have neg- 
ative anti-HBs test results. More emphasis should be placed on 
the pre-transfusion screening and post-transfusion follow-up of 
blood recipients. Mandatory laboratory work-up for recipients, 
including HBsAg and anti-HBs tests, should be suggested in 
transfusion guidelines. 
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